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ABSTRACT 
Alien grasses that promote fire invaded the submontane seasonal zone of Hawai' i Volcanoes 
National Park starting in the 1960s. These grasses recover rapidly from fire, maintain a high dead-to- 
live biomass ratio, and bum at high relative humidities. Since 1970, the invasion of fire-promoting 
grasses has increased fire frequency 10-fold and fire size over 1000-fold. We monitored plant cover 
and density after 1 I fires in 16 sites throughout the range of the submontane seasonal zone. These 
fires occurred between 1972 and 1992, and were sampled 1-2 1 years after fire. Fire significantly 
reduced native vegetation, almost entirely represented in the submontane seasonal zone by native trees 
and shrubs. The monodominant tree species, 'ohi'a (Metrosideros polymorpha), did not regenerate 
from seed in any bum. Fire killed on average 46% of 'ohi'a, markedly thinning forests and 
woodlands. Native shrub cover declined 17-fold, with the near loss of the formerly dominant shrub 
pukiawe (Styphelia tameiameiae) from most bums. The fire tolerant native shrub 'a'ali'i (Dodonaen 
viscosa) persisted in molasses grass sites and appeared to be capable of recovering to its former 
dominance in bums in which it was especially abundant prior to fire and molasses grass was absent. 
The loss of native trees and shrubs was greater in bums affected by high intensity fire. Alien grass 
cover and biomass increased in almost all bums, particularly where molasses grass (Melinis 
minutlflora) was present prior to fire. Fire enhanced the establishment of the aggressive alien invader 
faya tree (Myrica,faya), especially in shrublands. The current park policy of suppressing all fires 
should be maintained because of the deleterious effects of fire on native plant communities. Research 
underway to revegetate fire damaged sites using mamane (Sophora chrysophylla), 'a'ali'i, and other 
fire-tolerant native plants should be expanded. 
INTRODUCTION grass was an important fuel in four other sites 
Fire-promoting alien grasses invaded 
the seasonally dry submontane 'ohi'a 
(Metrosideros polymorpha) woodlands and 
forests of Hawai'i Volcanoes National Park in 
the early 1960s. Broomsedge (Andropogon 
virginicus) (from southeastern US) and 
beardgrass (Schizachyriurn condensatum) 
(from tropical America) spread very rapidly 
and became dominant understory species in 
many plant communities in the subn~ontane 
seasonal zone by the mid-1960s (Fosberg and 
Mueller-Dombois 1974). These grasses 
appear to have invaded plant conununities in 
which grasses were largely absent (Mueller- 
Dombois 1976) or dominated by other alien 
grasses, e.g. redtop (Rhynchelytrum repens), 
which invaded portions of the submontane 
seasonal in the 1930s and 1940s (Fagerlund 
1947). Molasses grass (Melinis minut{flora) 
(from East Africa) was present as early as the 
1940s but was largely confined to roadways 
until the 1970s (Tunison et al., in prep.). This 
grass is now an important component of 
submontane seasonal zone, especially at lower 
elevations. 
Broomsedge, beardgrass, and nlolasses 
grass are fire-promoting grasses. They 
maintain high dead-to-live biomass ratios 
throughout the year, bum at high relative 
humidities (80-90%) (Tunison, unpublished 
data), and recover rapidly from seed and/or 
vegetatively following fire. 
The spread of broomsedge, beardgrass, 
and n~olasses grass largely accounts for the 
dramatic increase in fire size and frequency in 
submontane seasonal zone in the last 25 years. 
From 1920-1970 there were 1 I fires in the 
submontane seasonal zone averaging <I ha in 
size (Tunison, unpublished data). Fro111 1968- 
1992 there were 39 fires with an average size 
of 175 ha. The area burned per year increased 
almost 2000-fold, and the number of fires per 
year increased nearly 1 0-fold. Broomsedge 
andlor beardgrass were the hels that carried 
fire in 10 of the 16 sites studied. Molasses 
The spread of broomsedge, beardgrass, 
and molasses grass has established a grasslfire 
cycle. A grass invasion promotes fire, which 
in turn favors alien grass regeneration over 
native vegetation (Hughes et al., 1991); more 
alien grass promotes subsequent fires. A 
grasslfire cycle has developed in other parts of 
the world when grasses become established by 
direct human disturbance in the form of 
clearing and/or burning (Mueller-Dombois and 
Goldhammer 1990) or by accidental invasion 
(DoAntonio and Vitousek l992), as in Hawai' i .  
Grass invasions which alter fire regimes are 
becoming a significant threat to global 
biodiversity (DoAntonio and Vitousek 1992). 
Early studies in the submontane 
seasonal zone indicate that fire is damaging to 
native plant communities, with limited 
recovery of native plants and vigorous spread 
of alien plants. Smith et al. (1980) found that 
18 months after a prescribed bum, native 
shrub cover was reduced and little shrub 
regeneration was occurring. Pukiawe 
(Styphelia tameiameiae) was especially 
depleted. They also found that alien grass 
cover, particularly broomsedge, beardgrass, 
and to lesser degree, molasses grass, increased 
after fire. 
Hughes ef al. (1 991) found that the 
invasion of beardgrass in never-burned 'ohi'a 
(Metrosrderos polymorpha) woodlands 
provided the fine fuels necessary to carry fire 
and establish the grasslfire cycle. Total grass 
cover increased 15 months after fire, and 
persisted at higher levels 18 years later. More 
importantly to native plant species, beardgrass 
was largely replaced by molasses grass. 
Molasses grass bums at higher intensity 
(Tunison, unpublished data) and forms thick 
mats capable of preventing the establishment 
of native plants. Hughes et al. (1991) found 
that a second fire further stimulated molasses 
grass. Few native shrubs survived fire and 
few were able to reestablish following fire, 
even after 1 8 years. ' Ulei (Osteomeles 
anthyllid~folia), ' akia ( Wikstroemia 
phillyraeifolia), and pukiawe abundant in the 
unburned 'ohi'a woodland, were largely 
eliminated by fire. A a l i i  (L)odonaea 
viscosa) was the only native shrub found in 
significant numbers in the burned areas. 
Hughes and Vitousek (1993) found that the 
rapid reestablishment and long-term 
persistence of alien grasses following fire 
inhibits shrub colonization and growth by 
preempting resources such as light and 
nitrogen. 
We investigated plant succession after 
11 fires at 16 sites in the submontane seasonal 
zone. Our goal was to evaluate the response 
of vegetation to fire throughout the ecological 
range of the submontane seasonal zone. Other 
studies (Hughes et d., 1991 and Smith et 
ol.1980) studied fire effects in the sitbnlontane 
seasonal zone near Kipuka Nene. We 
evaluated fire response in drier sites to the 
west, wetter sites to the east, including 
vegetation transitional to rain forest, and in 
sites at higher elevations. We were 
particularly interested in differences in the 
interaction of alien grasses and the survival 
and regeneration of shrubs. We evaluated the 
vegetative recovery of native shrubs and 
'ohi'a, the dominant native tree, and the 
response of faya tree (Myrico .fbyn), an alien 
tree rapidly invading the submontane seasonal 
zone. Finally, we determined if grass biomass 
or fuel loadings increased after fire, and we 
monitored the response of the major grass 
species to assess their patterns of regeneration. 
STUDY AREA 
The submontane seasonal zone is 
essentially the leeward section of HAVO 
between 300- 1200 m elevation on thc soutl~ern 
and southwestern flanks of Kilauea volcano 
(Fig. 1). This zone is transitional between the 
coastal lowlands and either rain forest or the 
montane seasonal zone. The submontane 
seasonal extends approximately from Kilauea 
Caldera at approximately 1200 m elevation 
and Chain of Craters Road south to the bases 
of Hilina, Poliokeawe, and Holei Pali at 100- 
300 ni elevation. It has a largely summer-dry 
climate, with rainfall varying from 
approximately 2200 mm/yr at upper elevations 
and more windward locations to approximately 
1000 mm in the southwestern part of the park. 
Fire is not capable of spreading in the 
most conunon vegetation type of the 
submontane seasonal zone, 'ohi'a scrub, 
because of the young ages of the substrates, 
paucity of soil, and sparseness of grasses in 
this vegetation type. Fires have spread on 
older pahoehoe flows with sufficient ash soil to 
support continuous grass cover. The main 
communities affected by fire are open 'ohi'a 
forest or woodland, 'ohi'a savanna, and native 
shrubland. The understories of the forests and 
woodlands tend to be dominated by open 
pukiawe, a a l i i .  'ulei (Osteomeles 
anfhyllid~fdin), and a mostly continuous layer 
of alien grasses. chiefly beardgrass, but also 
broomsedge and molasses grass. The 
introduced, nitrogen-fixing faya tree is now 
abundant or even codominant with 'ohi'a in 
many areas of 'ohi'a forest and woodland. 
Twelve of the 16 sites sampled were in 
'ohi'a woodland (Table I ) .  One 'ohi'a 
woodland sanlpled was transitional to uluhe 
(L)icmnop/cris 1incnris)-dominated rain forest. 
Fire was carried by the main understory 
species, introduced swordfern (Nephrolepis 
multffloro). Alien grasses were a minor 
constituent of the understory. 'Ohi'a savannas 
are characterized by very widely spread 'ohi'a 
in broomsedge and beardgrass grasslands, 
ofien with patches of n~olasses grass and 
scattered native shrubs. The two sampling 
sites located in 'ohi'a savanna burned in the 
early 1970s. and fire may have been 
responsible for reduced densities of 'ohi'a 
(Hughes et al. 1991). Two distinct native 
shrublands were sampled: An 'a'ali'i 
shrubland with a swordfern understory and a 
pukiawe-'a'ali'i shrubland with an alien grass 
understory. 
METHODS 
To examine successional changes after 
fire, we sampled nine bums occurring from 
1985-1992 and two bums occurring in the 
early 1970s. Sixteen sites were sampled, with 
the mix of vegetation features evaluated 
varying considerably by site (Table 1).  Recent 
bums were generally sampled 1-3 months after 
the fire and at 1-3 year intervals thereafter. 
The results of the final sampling are presented. 
Older bums were sampled once. Both low 
intensity bums and high intensity bums were 
sampled. Low intensity bums resulted from 
backing fires in which the flaming front 
spreads against the wind. High intensity fires 
resulted from head fires in which the flaming 
front was pushed by the wind. 
Plant cover was determined along 3-5, 
40 m transects located within a bum site. An 
arbitrary starting point was selected and the 
location of the first transect was randomly 
determined. To facilitate relocation, other 
transects were selected at a fixed distance from 
the first transect. Compass bearings of the 
transects were also randomly selected. 
Potential transect locations were rejected if 
they occurred on anomalous microtopography 
such as pahoehoe tunluli or cracks. An equal 
number of unburned control transects were 
established per site. Unburned controls were 
established as close as possible to bum 
transects and on the opposite side of fire 
control lines or along the edge of the bum 
where the fire was observed to stop because of 
changing weather patterns. Controls were not 
established where fires were extinguished due 
to a discontinuity of fileis and vegetation. 
Controls were located in areas with similar soil 
depth and 'ohi'a size and density, as 
determined by visual inspection. 
We determined cover by point- 
interccpt using a 1.25m tall point franie with 
five points per meter and 200 points per 
transect. The tallest vegetation intercepted by 
the rod was counted. Shrubs were counted in 
three 3 X 10 m plots located at 5 ,  15, and 25 
m and at right angles to the transect using the 
following height classes: 0-10 cm, 10-50 cm, 
50- 100 cm, and 100-200 cm. The subshrubs 
partridge pea (Chamaecrista nictitans) and 
'uhaloa (Wolfheria indica) were counted by 
height classes in four 2 X 2 m plots located at 
0, 10, 20, and 30 m along the transects. 
Cover and shrub density in the Napau 
Bum sites (Table I ,  Fig. 2) were determined 
by a standardized National Park Serivce 
methodology for fire effects monitoring 
(National Park service 1990). In the forested 
site, four 20 X 50 m plots were established in 
the bum with an equal number in the unburned 
control. The diameter at breast height (dbh) 
(1.4 m from ground) of trees was measured 
throughout the plot. Cover was determined by 
point-intercept. All plant species intercepting 
a pole, 6.5 mm diameter and two meters tall, 
set vertically at 30 cm intervals along 50 m 
transects were counted. Shrubs were counted 
by height classes in a I m wide belt centered 
on the transect. In the shrubland site, 50 m 
transects were established for cover with a 1 m 
wide belt for shrub density. segmented at 5 m 
intervals. Subshrubs were also counted in 1 x 
1 m plots set at each 5 ni interval. 
We monitored the vegetative recovery 
of shrubs in five sites by tagging recently 
burned shrubs along the cover transects or all 
shrubs within two 5 m s 30 m wide belts 
established at right angles to the cover 
transect . Shrubs were evaluated for 
resprouting after 12- 18 months. 
The vegetative recovery of burned 
'ohi'a was monitored in six bums. Trees 
without signs of fire damage were not 
evaluated, even if located within study plots. 
'Ohi'a were tagged within 1-3 months after 
each bum. Height, dbh. number of boles, 
height of char on the bole, and percent of 
canopy scorched were recorded at that time. 
Residual live foliage. epiconnic sprouts (from 
buds along boles and stems), or crown sprouts 
(from the root collar) were monitored for 18- 
36 months. The vegetative recovery of 'ohi'a 
in the 14 year old Na~nakani Paio burn was 
dctcrnlined by locating burned boles, many of 
which had shoots resulting from crown 
sprouting. 
The vegetative recovery of faya tree 
was investigated in two small bums in 'ohi'a 
woodland along Hilina Pali Road, both burned 
at low intensity by backing fire (fire backing 
into the wind). The percent of the canopy 
scorched, tree height and basal diameter, 
percent residual foliage, and the presence of 
epiconnic and crown sprouts were recorded. 
Faya tree seedling recruitment after fire was 
monitored in four sites. The three woodland 
sites, burned at low intensity, were monitored 
once at 1, 2, and 6 years after fire. The 
shrubland site, burned at high intensity, was 
monitored at 6 years. The number of faya tree 
0-10 cm, 1-5 cm, 5-10 cm, and > 10 cm basal 
diameter were counted in each site and 
adjacent unburned controls. The one and two 
year old sites were located in small bunls 
which limited sampling to one large plot/bum, 
18 X 18 m in the one year old bum and 25-50 
m in the two year old burn. The larger sizes of 
the six year old sites allowed us to count and 
measure faya tree in belt transects of 15 or 16 
contiguous 30 X 30 n~ plots. Because of the 
small numbers of pre-bum faya trees and the 
difficulty of distinguishing resprouting trees in 
the six year old bum, all faya trees present 
were included in the analysis. 
We compared the above-ground 
biomass of grasses in three bums and in their 
unburned controls. Grasses (including dead 
foliage) were clipped at ground level and grass 
litter was collected in approxin~ately 30 s 30 
cm quadrats (1 ft2) placed along the cover 
transects at regular intervals. Extensive rocky 
areas were not sampled. The grasses were 
dried at 70° C for 4 days and then weighed. 
The regeneration patterns of the major 
alien grass species were quantified in 108, 1 s 
I m plots three times over a 20 month period 
after fire in the Pepeiau Bum (Site 12. Fig. 2). 
These plots were arranged in a single 6 X 9 m 
plot dominated by nlolasses grass in one site 
and in thrcc 3 X 6 nI plots don~innted by 
broomscdye and bcardgrnss i n  nnothcr site. 
Redtop (Nhynchelytrztm repens) occurred in 
both sets of plots in very low numbers. The 
three broon~scdgelbeardgrass plots were 
pooled for the sake of analysis. All plots 
burned at low fire intensity. Grass seedlings 
and resprouting individuals were counted 
Resprouting individuals werc flagged to 
distinguish resprouting plants from seedlings 
and counted. 
Differences in recovery of woody 
plants were tested with a chr square test. All 
other differences were statistically tested 
transforn~ing data and conducting an .f-test. A 
1-test was conducted unless variances were 
unequal. If variances were unequal, a tl-test 
was used. Significance was determined at the 
5% level for all statistical tests. Only 
statistically significant changes in vegetation 
are reported below. 
RESULTS 
COVER AND DENSITY 
Narnakani Paio Burn, 1977 
The human-caused Namakani Paio 
Fire burned through an upper submontane 
seasonal site at approsimately 1200 m 
elevation (Table I ) .  The vegetation was 'ohi'a 
woodland with an open shrub layer dominated 
by pukiawe and 'a'ali'i. Broomsedge and 
beardgrass formed a relatively continuous fuel 
bed. Unlike lower submontane seasonal sites, 
n~olasses grass was absent. The site bordered 
on the lower reaches of the montane seasonal 
zone, and plant species such as koa (Acacia 
kon) and the native bunch grass, 1le.schampsia 
nuhigenn. characteristic of this zone were 
present in low numbers. We compared a site 
bunled at high fire intensity with a site burned 
at low intensity. 
Twelve years after the fire, total native 
plant cover was reduced by one-third in the 
low intensity bun1 site and two-thirds in the 
high intensity bum site, relative to the 
unburned site (Table 2). These differences 
were due primarily to the loss of native shrubs, 
particularly pukiawe. There was a four-fold 
reduction of pukiawe cover in the low intensity 
and a 10-fold reduction in the high intensity 
site. Ohelo (Vnccinium reticulntum) and 
'a'ali'i increased cover in the low intensity 
site. Alien grass cover increased > 1.5 times in 
both burned sites due largely to a three-fold 
increase in beardgrass. Native herbaceous 
plants, present at low cover before the bum, 
were unchanged, except for Gahnia 
gohnilfbrmis, which decreased in the burned 
sites. Native grasses, alien herbs, and alien 
woody plants were unchanged. 
The total density of native shrubs 
declined 1.5 times in the low intensity site and 
nearly four-fold in the high intensity site, 
relative to the unburned sites, due to five-fold 
decrease in pukiawe density (Table 3).  The 
density of na'ena'e (Dubnutia ciliolntn) and 
ohelo increased in the low intensity site. 
Kealakomo Burn, 1986 
The Kealakomo Fire was a prescribed 
burn conducted at 600 m elevation in an 'ohi'a 
savanna with an understory of open 'a'ali'i, 
and a mix of alien grasses dominated by 
broomsedge and beardgrass (Table I). This 
site was previously burned during the Mauna 
Ulu eruptions, 1969- 1974. Only the portion of 
the prescribed bum affected by a low intensity 
backing fire was sampled. 
After four years, native plant cover 
decreased by an order of magnitude, largely 
because of reduced cover of 'a'ali'i (Table 6). 
Prolific seedling recruitment, however, occured 
in this species such that densities of the smaller 
size classes were significantly greater in the 
burn compared to the unburned (Table 7). 
Alien plant cover increased because of a five- 
fold increase in red top and an increase in 
cover of broomsedge (Table 6). Beardgrass 
cover declined two-fold and swordfern cover 
declined by an order of magnitude. 
Shackleton Burn, 1986 
Lucky Eddie Burn, 1985 
The Lucky Eddie Fire of 1985 
occurred in 'ohi'a woodland surrounded by 
'ohi'a scrub of the upper Ka'u Desert at 
approximately 1100 m elevation (Table 1). 
Native shrubs were open (25-60% cover) to 
scattered (<25% cover). Molasses grass was 
present in small, scattered patches prior to the 
fire. 
Native plant cover declined by nearly 
an order of nlagnitude due to a 25-fold 
decrease in pukiawe cover (Table 4). Alien 
plant cover was relatively unchanged in spite 
of a 10-fold increase in cover of molasses 
grass, which replaced beardgrass as the 
dominant grass. The density of taller pukiawe 
and 'a'ali'i declined by two-thirds and one- 
third, respectively (Table 5). 
The low intensity, human-caused 
Shackleton Fire affected upper elevation (1200 
m) submontane seasonal ' ohi' a woodland 
similar to that burned by the Namakani Paio 
Fire (Table 1 ) .  Four years after the fire, native 
plant cover was 2.5 times lower than in the 
adjacent unburned woodland, and alien plant 
cover was nearly twice as high (Table 8). A 
10-fold decrease in the cover of pukiawe 
accounted for most of the loss of native plant 
cover. Increases in cover of alien herbaceous 
plants (e.g., Lotirs 1r1igrno.su.s and gosmore 
(Hypochoeris radicclm) and alien grasses 
(broomsedge and sweet vernal grass 
(Anlhoxmrhitm odorntum) account for 
increase in cover of alien plants after fire. 
The density of pukiawe and older 
'a'ali'i declined nearly 4-fold (Table 9). The 
overall densities of younger 'a'ali'i were 
uncllanged because of recruitment in the small 
size classes. Similar to the Nan~akani Paio low 
intensity site, ohelo increased in density, 
largely by root sprouting. 
(Table 17). Alien plant cover increased over 
1.5 tin~cs because of increased cover of 
molasscs grass and broomsedge (Table 16). 
Kipuka Nene Burn, 1987 
Napau Burn, 1992 
The Kipuka Nene Fire burned 'ohi'a 
savanna and woodland (Table I). After 6 
years, native plant cover in the low intensity 
'ohi'a savanna site was an order of magnitude 
lower than in the control, largely because of 
the loss of pukiawe (Table 10) and larger 
'a'ali'i (Table 11). There was, however, no 
net change in the density of 'a'li'i because of 
seedling recruitment. Alien species cover 
increased 1.5 times, primarily because 
n~olasses grass cover doubled (Table 10). 
Native plant cover in the high intensity 
'ohi'a savanna site also declined by an order of 
magnitude because of the loss of pukiawe 
(Tables 12 and 13). Similar to the low 
intensity site, nlolasses grass nearly doubled in 
cover, increasing the cover of alien vegetation 
by one-third. 
Uila Burn, 1987 
The Uila Fire bumed in a shrubland 
dominated by pukiawe and 'a'ali'i with a 
nearly continuous matrix of beardgrass and 
n~olasses grass and in an 'ohi'a woodland with 
an understory of native shrubs, beardgrass, 
and molasses grass (Table 1). Six years after 
the bum in the shrubland, native plant cover 
was reduced 20-fold relative to the unburned 
controls. This was due to a one to two order 
of magnitude decline of 'a'ali'i and pukiawe 
(Table 14). The density of individuals of both 
these species and also 'ulei declined (Table 
15). Alien plant cover increased 1.5 times 
because of an increase in introduced grasses, 
prinlarily molasses grass. 
Similar but less extreme patterns 
prevailed in the 'ohi'a woodland site. Native 
plant cover declined approximately 12-fold 
because of losses of pukiawe and 'n'ali'i 
(Table 16). There were declines in the number 
of larger individuals of pukiawe and 'a'ali'i 
Both a woodland and shrubland site 
were studied in the Napau Bum (Table I). 
Both sites occur on the wet margin of the 
submontane seasonal zone and have alien 
swordfem as the dominant understory species 
rather than introduced grasses. Both sites 
were burned by the 1972 Naulu Fire. Portions 
of the shrubland site may also have been 
bumed by a 1980 fire, the perimeter of which 
is uncertain. Scattered 'ohi'a snags and logs 
suggest that this species may have been more 
abundant in both sites prior to the fire. 
Eighteen months after fire in the 
shrubland site. total plant cover was less in the 
early stages of recovery than in the control, 
burned 20 years previously (Table 1 8). Native 
plant cover in the bum was approximately 
one-half of that of the control. Loss of 'a'ali' i 
and kauna' oa vine (C'nssy~hn Jlf formis) 
account for the loss. However, smaller 'a'ali'i 
plants were much more abundant in the 1992 
burn than in the 1972 burn (Table 19). 
'Uhaloa cover increased by an order of 
magnitude (Table 18) because of increases in 
smaller individuals (Tablc 20). Total alien 
plant cover in the 1992 bum was about one- 
third the alien plant cover of the 1972 bum 
because the cover of alien grasses was lower 
(Table 18). Swordfern, the single most 
abundant herbaceous species in the site, 
recovered well by sprouting after fire and had 
the same cover after both the 1972 and 1992 
fires. 
In the woodland site, cover of both 
alien and native plants was less after the 1992 
fire in the early stages of recovery ( 1  2 months 
post-fire) than after the 1972 fire (Table 21). 
Native plant cover was lower largely because 
of rcduced cover of 'a'ali'i. which had fewer 
individuals in all size classes in  the 1992 bum 
(Table 22). Alien plant cover was 
approximately 1.5 times less in the 1992 bum. 
This was largely due to lower cover of 
swordfem, which forms a nearly continuous 
understory in the 1972 bum. Unlike the 
shrubland, there were no differences in 
densities of the subshrubs 'uhaloa and 
partridge pea (Table 23). 
SEEDLING RECRUITMENT AND 
VEGETATIVE RECOVERY 
Shrubs 
Vegetative recovery of five species of 
shrubs/small trees was monitored in the Uila, 
Kipuka Nene, and Pepeiau bums by level of 
fire intensity. Common guava (Psidium 
gunjava), an uncommon alien small tree, and 
'ulei, a native shrub, recovered more 
consistently than any other woody species 
monitored (Table 24). Mamane (A'ophora 
chrysophylln) also recovered relatively well 
after fire, with more than half of the 
individuals resprouting. Both 'ulei and 
manane may have recovered at higher rates 
afier low intensity fire, but saniple sizes were 
too small for statistical evaluation. Pukiawe 
resprouted more often than not in low intensity 
burns, but less than one plant in five reprouted 
in the high intensity sites. The high frequency 
of resprouting in the Pepeiau Bum occurred in 
an area with very low fire intensity due to wet 
fuels. Fewer than 10% of the 'a'ali'i plants 
resprouted after fire. 
Grasses 
Grass biomass was significantly 
greater in the burned areas than in the 
unburned controls for the Nan~akan~ Paio, 
Lucky Eddie, and Uila Bums (Table 25). 
Broomsedge and beardgrass were the most 
abundant grasses in the Namakani Paio Bum 
prior to fire. Molasses grass was not present. 
The grass biomass of the burned area was 
nearly 2.5 times that of the unburned control 
17 years after the fire. Beardgrass was the 
dominant grass in the low intensity Lucky 
Eddie Bum prior to fire; molasses grass was 
dominant after fire. After five years, the 
biomass of grasses in the bum was nearly 2- 
fold greater than in the unburned control. 
Beardgrass and molasses grass were 
codominant in the unburned control of the Uila 
shrubland site; molasses grass was dominant 
after fire. Six years post-burn the biomass of 
grasses in the bumed area was nearly three 
times greater than in the unburned control. 
After fire, molasses grass, beardgrass, 
broomsedge, and redtop regenerated 
vegetatively by sprouts from basal meristems 
and by seeds (Figs. 3 and 4). The cover of all 
species increased over the monitoring period 
(Fig. 3). Vegetative recovery accounted for 
approximately 90% of the cover 20 months 
after the bum. The cover of molasses grass 
originating from sprouts nearly doubled in the 
plot it dominated over the monitoring period. 
The cover of beardgrass and broomsedge 
originating from sprouts more than doubled in 
the plots they dominated. Molasses grass 
seedling density reached a peak at four 
months. and beardgrass seedlings were 
prominent in the plot dominated by molasses 
grass starting at three months. Both 
beardgrass and broornsedge were very 
abundant in all plots 20 months after the bum. 
'Ohi'a 
No 'ohi'a seedlings were observed In 
the more recent burns (<7 years old). On 
average, 46% of 'ohi'a were killed by fire, 
with higher mortality and less resprouting after 
the higher intensity fires. Typ~cally, surviving 
'ohi'a with much or most of the canopy killed 
by fire recover by resprouting along the boles 
or stems (epicormic sprouts) or from the root 
collar (crown sprouts). Epicormic or crown 
sprouts may not develop if an affected 'ohi'a 
is only lightly bumed. Percent scorch is the 
percentage of foliage in the canopy killed by 
fire and is determined 2-3 months after fire by 
the extent of browning of the foliage and leaf 
loss. Bole char is the height of burned bark or 
wood along the tree bole. 
Fire intensity was the overriding factor 
determining 'ohi'a survival in the Uila Fire. In 
this fire. 'ohi'a recovery was con~pared 
between a site burned by a backing firc (low 
intensity) and a site bumed by a head fire (high 
intensity). Greater than 80% survived in a low 
intensity site, whereas 50% survived in the 
high intensity site (Table 26). Survival was 
evaluated in the low intensity site relative to 
char height, number of stemsltree, percent 
canopy scorch, and diameter. Percent canopy 
scorch was negatively associated with survival 
for tree >5 cm dbh. Nearly all 'ohi'a >5 cm 
dbh survived if they had <75% canopy scorch. 
The high intensity site was sampled one year 
after the bum, so percent scorch could not be 
determined. 'Ohi'a with >I boleltree survived 
at higher rates than those with a single bole. 
Percent canopy scorched and diameter 
deternlined recovery in the Napau fire. All 
trees with 575% percent scorch, regardless of 
diameter, survived (Table 27). Trees with 
<loo% scorch survived several times more 
frequently than trees which were entirely 
scorched. Trees 1 5  cm dbh survived more 
frequently than larger trees, regardless of 
percent scorch. 
Tree diameter was also important in 
the Namakani Paio Bum (Table 28). In both 
the low and high intensity bum sites, trees 
<=lo cm dbh were more likely to survive than 
larger trees. Data on scorch, char, and other 
features are not available for this burn because 
it was evaluated 12 years after the firc. 
All trees died in the Kipukn Nene 
Bun], even those with <1000/0 scorch (Table 
29). Higher char heights indicate a high 
intensity fire, but the absence of any surviving 
trees precludes statistical analysis. The 
Pepeiau fire was generally a backing fire, but 
some trees burned at high intensity because of 
localized concentrations of molasses grass. 
Only trees with <loo% scorch were selected 
for monitoring to assess association with 
percent char height (Table 29). No association 
was found between char height and mortality. 
Tree diameter, the only factor measured, was 
not important in the Lucky Eddie Fire in terms 
of mortality. 
'Ohi'a mortality increased in two 
bums over the monitoring period and 
resprouting trees increased slightly in another 
(Table 30). Surviving 'ohi'a declined over 
three-fold in the Lucky Eddie Bum and one- 
third in the Napau Fire in a two year period. 
Essentially all of these had crown sprouts 
which subsequently died after initially flushing 
after the bum. Resprouting ' ohi'a increased 
slightly over a two year period in the Uila Fire 
because of increased incidence of crown 
sprouting. 
Faya Tree 
Faya tree resprouts at very high 
frequency after low intensit), fire. Only one 
out of 75 partially to completely scorched trees 
>I cm basal diameter did not resprout in two 
'ohi'a woodland sites, bumed one to two years 
prior to monitoring. 
Establishment from seed after fire 
differed among woodland sites over time and 
between woodland and shrubland sites. 
Seedling recruitment was similar to bumed 
areas in  the first two years after a fire (Figs. 5 
and 6). 
Seedling recruitment was significantly 
greater after six years in burned woodlands 
and shrublands. It is difficult to distingu~sh 
pre-bum and post-burn indiv~duals in the SIX 
year old sites because signs of fire (scorch and 
char) are no longer present on rapidly 
recovering burned ind~viduals Judging from 
the size of trees resprouting after fire, we 
considered faya trees <5 cm diameter to have 
become established after the bum; individuals 
>10 cm were established before the bum. 
Individuals in the 5- 10 cm class could be either 
pre- or post-bum. Six years after fire in the 
'ohi'a woodland and shrubland. there were 
very few seedlings (0- 1 cm basal diameter) in 
the bum or control (Figs. 7 and 8). There were 
significantly greater numbers of individuals 
established after fire (in the 1-5 cm class), 
three times as many in the woodland and 10 
times as many in the burned shrubland, versus 
the unburned controls. 
DISCUSSION 
Fire was detrimental to native 
vegetation throughout the submontane seasonal 
zone, often converting 'ohi'a woodlands and 
forests to savannas dominated by alien grasses. 
'Ohi'a declined sharply, with the complete loss 
of seedling recruitment. Fire killed, on 
average, nearly one-half of 'ohi'a in the 
submontane seasonal zone, noticeably thinning 
'ohi'a stands. ' Ohi'a were nearly eliminated in 
some bums. Native shrub cover declined 17- 
fold on average. Pukiawe, the dominant or 
codominant shrub in much of this zone, was 
the most affected by fire, declining on average 
an order of magnitude in cover and three-fold 
in density. 'Ulei cover declined 2-fold and 
n~olasses grass appeared to be overtopping 
'ulei in burns where it persisted. 
'A'ali'i, codominant with pukiawe in 
many unburned sites, had a more favorable 
response to fire than pukiawe. Although 
mature plants were killed by fire and cover 
declined two-fold, seedling establishment 
accounted for a three-fold increase in density. 
The abundance of seedlings and scattered 
young plants suggests that 'a'ali'i will at least 
persist in sites dominated by n~olasses grass 
(Hughes et al. 1991) or even return to pre-bum 
levels. 
There was greater recovery of native 
shrubs in bums in which molasses grass did 
not become abundant. Pukiawe was able to 
regenerate from seed to a limited degree. 
Ohelo, where present, increased in cover or 
density by root sprouting. In addition, 'a' ali' i 
recovered rapidly in bums in which it was 
abundant prior to fire. Prolific seedling 
recruitment and the abundance of young plants 
in these bums suggest a retuni to pre-bum 
dominance. The recovery of native shrubs in 
sites without molasses grass distinguishes our 
results from earlier studies (Hughes et al., 
199 1 ) centered on molasses grass-dominated 
sites in the lower submontane seasonal. 
Greater native shrub recovery in sites without 
molasses grass indicates that fire in the 
submontane seasonal zone is more detrimental 
to native vegetation if molasses grass becomes 
abundant after fire. 
Fire intensity appears to be a factor in 
the survival and recovery of native vegetation. 
Survival or resprouting of 'ohi'a depends 
strongly on fire intensity. This relationship is 
demonstrated by higher mortality rates in high 
intensity bums. The importance of fire 
intensity is also suggested. in part, by the 
relationship of scorch and mortality. Trees 
with <75% scorch are very likely to survive or 
resprout. However, greater degrees of scorch 
are inconsistent predictors of mortality, 
possibly because of the response of smaller 
trees which are readily scorched. On the one 
hand, smaller trees may tend to resprout. 
regardless of percentage scorch, due to greater 
vigor. On the other hand. smaller trees may be 
thorouyly scorched, yet receive insufficient 
heat at the root crown to kill them. Smith et 
al. (1980) found that multi-stemmed 'ohi'a 
resprouted more frequently than trees with one 
bole. possibly because of the insulating effects 
of multiple boles on the meristematic tissue of 
the root crown. We found this to be the case 
in only one bum. 
Fire intensity also affected survival 
and recruitment of native shrubs. Pukiawe, in 
particular. resprouted more frequently after 
low intensity fire. Native shrub cover was 
greatcr after low intensity fire than high 
intensity fire in the one burn (Namakani Paio) 
in which this comparison could be made. 
Our results confirm that fire increases 
both the cover and biomass of alien grass, 
enhancing fine fuel loadings and thus 
perpetuating the grasslfire cycle. Alien grass 
cover increased on average by one-third, with 
significantly greater cover in eight of 11 sites 
in which grass cover was measured. Grass 
biomass increased two to three-fold after fire, 
regardless of composition or sampling period 
(5-17 years after fire). Molasses grass was 
responsible for much of the increase in alien 
grass cover and biomass. Molasses grass 
became abundant only in burns in which it was 
present prior to fire, mainly in sites in the 
lower submontane seasonal zone below 900 ni 
elevation. 
Greater grass cover and biomass in 
burned areas of the submontane seasonal zone, 
along with loss of forest cover, increase the 
likelihood of faster spreading hence larger fires 
and more intense fires in  the submontane 
seasonal zone. This positive feedback 
response has been verified in a site in the 
submontane seasonal zone in HAVO 
(Freifelder et al., in prep.). These investigators 
input fuel bed measurements, environmental 
inputs from microclimatic data, and he1 
moisture data from a fire-created savanna and 
an adjacent unburned woodland into BEHAVE 
(Andrews and Chase 1990) to calculate fire 
behavior outputs. Greater wind speeds in the 
grasshd  accounted for a 10-fold greater rate 
of fire spread and a 50-fold increase in area 
burned after one hour. Predicted fire intensity 
was approximately 3-fold greater in the 
grassland than woodland site. 
Fire pron~oted the establrshlnent of the 
alien faya tree in the submontane seasonal 
zone, especially in shrublands. Although fire 
did not appear to stimulate seedling 
recruitment in the first one to two years, 
seedlings becnme established between two and 
six years and significantly increased the 
number of sn~all trees in burned areas In the 
begimlng stages of ~nvasion in forest and 
woodland areas, faya tree beconles established 
almost exclusively beneath 'ohi'a. Recruiting 
faya tree in the shrubland after fire were not 
associated with 'ohi'a, which was virtually 
absent. 
Patterns of vegetation recovery in the 
submontane seasonal zone differed from those 
of the coastal lowlands (Tunison el al. 1994). 
Native plant cover sharply declined in the 
submontane seasonal zone with the loss of 
native shrubs. Native plant cover maintained 
itself or even increased with the recovery of 
native shrubs and the spread of native grasses 
in the coastal lowlands. Alien grass cover did 
not increase in the coastal lowlands, except 
where molasses grass was present. Alien grass 
cover increased in almost all submontane 
seasonal zone primarily because of the spread 
of molasses grass. The thinning of 'ohi'a 
stands in the submontane seasonal zone was 
not a factor in the coastal lowlands because of 
the paucity of 'ohi'a in this zone. However, 
fire in the coastal lowlands depleted tall native 
shrubs, which were replaced by short native 
shrubs. The sampling period (five years since 
fire) was not sufficient to detennine if low 
shrubs would achieve the same cover as tall 
shrubs. 
RECOMMENDATIONS FOR 
MANAGEMENT AND RESEARCH 
I )  The current Park policy of 
suppressing all fires in  the submontane 
seasonal zone should be continued. This 
applies to fires ignited not only by humans but 
also by natural sources such as lightning or 
lava flows. Fire in  the submontane seasonal 
zone is detrimental to native vegetation, 
increases fuel loadings of alien grasses, 
perpetuates the grasslfire cycle, and 
accelerates the invasion of faya tree. Higher 
grass file1 loadings, combined with a more 
open canopy. create a fire environment with 
greater potential for more rapidly spreading 
and intense fires. 
2) Fire supprcssion and prevention 
measures should emphasize protecting the 
remaining unburned submontane seasonal 
'ohi'a forests. These remnants are located 
largely east of Hilina Pali Road and west of 
the Mauna Ulu flows above 800 n1 elevation 
and contain two Special Ecological Areas 
(SEAs) (Tun~son and Stone 1992). The SEAs 
are the most floristically rich areas of the 
submontane seasonal zone and contain a 
number of rare plant species. 
3)  Revegetation of severely degraded 
burned areas with native plants should be 
undertaken on an experimental basis in the 
submontane seasonal zone. These studies 
should emphasize fire-tolerant native plants 
such as manlane, 'a'ali'i (D' Antonio and 
Tunison, 1993), sandalwood (Sanfalum 
paniculatum), koko' olau (Bidens 
hawaiiensis), and ilinla (Sidn .fallax). 
Restoration of the pre-burn plant community 
dominated by fire-sensitive species such as 
'ohi'a and pukiawe is problematic because of 
the rapid post-burn recovery of alien grasses 
and the slow growth of native trees and shrubs. 
Attempts to revegetate with fire-sensitive 
species would also be filtile since subsequent 
fires are probably inevitable. SuccessfiIl 
revegetation of fire-tolerant native plant 
species will result in new plant conlnlunities 
ideally with the potential to maintain 
themselves in the presence of alien grasses and 
fire. Prescribed burning is a potential tool for 
revegetating burned areas because it removes 
the alien grass canopy and may stimulate 
seedling recruitment of fire-tolerant species. 
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Table 1. Fire history and intensity, pre-burn vegetation, and features sampled in 16 sites in the submontane seasonal zone, Hawaii volcanoes National Park. The locations of these sites are indicated 
by number in Fig. 2. 
BURN CAUSE SAMPLING* SITE FIRE FIRE HISTORY PRE-BURN HISTORY FEATURES SAMPLED 
PERlOD NRS) NOINTENSITY 
NapawWaulu Human 1/21 1 High Burned in 1972 'Ohi'a woodland, Cover and density 
transitional to rain forest 'Ohi'a recovery 
Controls burned in 1972 
2 High Burned in 1972 'A'ali'i shrubland Cover and density 
Honeybee 
Pepeiau 
Pali Junction 
Kealakomo 
Shac kleton 
Lucky Eddie 
,-. 
P 
Kipuka Nene 
Uila 
Namakani Paio 
Human 
Lightning? 
Human 
Prescribed 
Human 
Human 
Human 
Lightning 
Human 
3 Low First recorded fire 'Ohi'a woodland Faya tree recruitment 
4 Low First recorded fire 'Ohi'a woodland Shrub recovery 
'Ohi'a recovery 
Grass biomass 
5 Low Previously burned? 'Ohi'a woodland Faya tree recruitment 
6 Low Burned 1969-74 'Ohi'a savanna Cover and density 
7 Low First recorded fire 'Ohi'a woodland Cover and density 
8 Low First recorded fire 'Ohi'a woodland 
Low 
High 
High 
Low 
Burned in 1970 
First recorded fire 
First recorded fire 
First recorded fire 
13 High First recorded fire 
14 High First recorded fire 
'Ohi'a savanna 
'Ohi'a savanna 
'Ohi'a woodland 
'Ohi'a woodland 
Pukiawei'a'ali'i 
Shrubland 
'Ohi'a woodland 
I5 Low First recorded fire 'Ohi'a woodland 
16 High First recorded fire 'Ohi'a woodland 
Cover and density 
Ohi'a recovery 
GNJ biomass 
Cover and density 
Shrub recovery 
Cover and density 
Shrub recovery 
'Ohi'a recovery 
Cover and density 
'Obi'a recovery 
Shrub recovery 
Cover and density 
Shrub recovery 
Faya wee recruitment 
Gmss biomass 
'Ohi'a recovery 
Cover and density 
'Ohi'r recovery 
Cover and density 
'Ohi'a recovery 
* Sampling periods is number of years between occurrence of fire and sampling for cover and density; s h ~ b  recovery determined 1 year after bum, 'ohi'a recovery 1-2 yeus after fire. 
Table 2. Percent cover of plant species (means and their standard errors) in the Namakani Paio Burn, Hawai'i 
Volcanoes National Park. Means that share the same superscript do not differ significantly (P4.05). 
Low Intensity High Intensity 
Native Woody Plants 
Dodonaea viscosa 
Dubautia ciliolata 
Metrosideros polymorpha 
Sophom chrysophylla 
Styphelia tameiameiae 
Vacciniunr reticulaturn 
Subtotal 
Native Herbs, Ferns & Sedges 
Gahnia gahni~yonnis 
Luzula ltawaiiorsis 
Lycopodium cernuum 
Ptediunr aquilinum 
Subtotal 
Native Grasses 
Doschanrpsia nubigcna 
Subtotal 
Alien Woody Plants 
Myrica faya 
Subtotal 
Alien Herbs, Ferns & Sedges 
Arundina grarninifolia 
Bulbostylis capillaris 
Hypochoeris radicata 
Kyllinga brcvifolia 
Subtotal 
Exotic Grasses 
Antfropogon virginicus 
Androxantl~urn odoraturn 
Holcus lanatus 
Melinis multrflora 
Schizachyrium condensaturn 
Sporobolus ajiricanus 
Subtotal 
Total Native Species 
Total Exotic Species 
Control 
11=6 
Mean S.E. 
B u m  
n=3 
Mean S.E. 
Bum 
n=3 
Mean S.E. 
Table 3. Woody plant densities (individuald30 m. sq.) in Uu Namakani Paio Burn, Hawai'i Volcanoes 
National Park. Means that share the w n e  superscript do ilot differ significantly (P0.05). 
Low Intensity High Intensity 
Species and 
Height Class 
Native Shrubs 
Dodonaoa viscosu 
<I0 cm 
10-50 cm 
50-100 cm 
>I00 cm 
subtotal 
Dubautia ciliolata 
<lo cm 
10-50 cm 
50- 100 cm 
>I00 cm 
subtotal 
subtotal 
subtotal 
Total 
Control 
n=17 
Mean S.E. 
Bun1 
l1=9 
Mean S.E. 
Burn 
n=9 
Mean S.E. 
Table 4. Percent cover of plant species (ineatis and their standard errors) in the Lucky Eddie Bum, 
Hawai'i Volcanoes National Park. 
Native Woody Plants & 
Dodonaea viscosa 
Dubautia ciliolata 
Metrosideros polynlorpka 
Osteonreles arrtttyllidijolia 
Styphelia tameianieiae 
Subtotal 
Native Herbs, Ferns & Sedges 
Gahnia gahniijomis 
Pycreus po~sbc / ros  
Subtotal 
Native Grasses 
Agrostis avenacea 
Eragrostis variabilis 
Subtotal 
Exotic Woody Plants 
Chamacrista nictitans 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capillaris 
Desnrodium sandwicense 
Erechtites valerianr~olia 
Erigerorr canadmse 
Erigeron pusillus 
Hypochoeris radicata 
Subtotal 
Exotic Grasses 
Andropogon virginicus 
Digitaria violascens 
Holcus la~ratus 
Melinis niultrjlorrc 
Rhynchelyttum repens 
Sc/rizachyriunt corrdensatunt 
Setaria gracilis 
Subtotal 
Total Native Species 
Total Exotic Species 
Control 
1 1 4  
Mean S.E. 
Bum 
n=5 
Mean S.E. p<0.05 
ns 
ns 
ns 
sig 
sig 
sig 
sig 
ns 
sig 
ns 
11s 
ns 
11s 
ns 
ns 
sig 
11s 
ns 
11s 
11s 
11s 
11s 
11s 
11s 
sig 
ns 
sig 
11s 
11s 
sig 
11s 
Table 5. Woody plant densities (individuolsl30 m. sq.) in the Lucky Eddie Bum, Hawai'i Volcanoes National 
Park. 
Species and Control Bum 
Height Class 
Native Shrubs 
Dodonaea viscosa 
<10 cm 
10-50 cm 
50- 100 cm 
>lo0 cm 
subtotal 
Dubautia ciliolata 
4 0  cm 
10-50 cm 
50- 100 cm 
>lo0 cm 
subtotal 
Metrosideros polyn~orpha 
<10 cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtotal 
subtotal 
Styphelia tameianreiae 
<I0 cm 
10-50 cm 
50-100 cm 
> 100 cm 
subtotal 
Wikstroeniia ptrillyreijolia 
<I0 cm 
10-50 cm 
50- 100 cm 
>I00 cm 
subtotal 
Total 
n=9 
Mean S.E. 
n=9 
Mean S.E. P 4 . 0 5  
ns 
ns 
sig 
ns 
sig 
sig 
ns 
ns 
ns 
11s 
11s 
ns 
11s 
11s 
11s 
ns 
11s 
11s 
11s 
ns 
ns 
ns 
sig 
sig 
sig 
ns 
ns 
11s 
11s 
11s 
sig 
Table 6. Perccnt cover of plant species (means and their stcu~durd errors) in the Kealakomo Burn, 
Hawai'i Volcor~oes National Park. 
Native Woody Plants 
Dodonaea viscosa 
Styphelia tameiameiae 
Subtotal 
Native Grasses 
Heteropogort contortus 
Subtotal 
Exotic Woody Plants 
Chamaecrista nictitans 
Indigofem suflmticosa 
Lantarta cantara 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capiliaris 
Nephrolepis nrult~jlora 
Subtotal 
Exotic Grasses 
Andropogon virginicus 
Digitaria violascens 
Melinis multijlora 
Rhynchelytrum repens 
Schizuchyriunt condensatum 
Setaria gracilis 
Sporobolus aJricanus 
Subtotal 
Total Native Species 
Total Exotic Species 
Control 
n=3 
Menn S.E. 
Bum 
n=3 
Mean S.E. P a . 0 5  
sig 
11s 
sig 
ns 
ns 
sig 
11s 
11s 
ns 
ns 
sig 
sig 
slg 
11s 
11s 
sig 
ng 
ns 
I1 S 
sig 
sig 
sig 
Table 7. Woody plant densities (individuals/30 In. sq.) in the Kealakotno Bum, Hawai'i Volcanoes National 
Park. 
Species and Cotltrol Bum 
Height Class n=9 n=12 
Mean S.E. Mean S.E. P4l.05 
Native Sluubs 
Dodotiaea viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
> 100 ctn 
sig 
sig 
sig 
sig 
subtotal 42.6 3.2 145.8 18.9 sig 
Alien Shrubs 
Lantana cumaru 
4 0  cm 
10-50 cm 
50-100 ctn 
> 100 ctn 
subtotal 0.6 0.3 0.4 0.2 11s 
Table 8. Percent cover of plant species (means and their standnrd errors) in the Shockleton Burn, 
Hawai'i Volcanoes National Park. 
Control Burn 
Native Woody Plants & 
Tree Ferns 
Dodonaea viscosa 
Metrosideros pol 'o tpha 
Sadleria sp. 
Styphelia tarneiameiae 
Vacciniunr reticulaturn 
Subtotal 
Native Herbs, Ferns & Sedges 
Gahrria gahnifonnis 
Lumla hawaiiensis 
Machaerina angusti~olia 
Pteridium aquilinum 
Subtotal 
Native Grasses 
Dcschantpsia nubigena 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capillaris 
Erigeron canadense 
Erigeron pusillus 
Hypochoen's radicata 
Kyllinga brcrvgolia 
Lotus sp 
Subtotal 
Exotic Grasses 
Andropogon virgirticus 
Antlroxantkunr odorutum 
Digitaria violascerrs 
Holcus lanatus 
Melirris multiJlora 
Schizacltyriuni condensaturn 
Subtotal 
Total Native Species 
Total Exotic Species 
n=9 
Mean S.E. 
n=9 
Mean S.E. P ~ 0 . 0 5  
ns 
ns 
ns 
sig 
ns 
sig 
sig 
11s 
ns 
sig 
11s 
sig 
sig 
ns 
11s 
ns 
sig 
ns 
sig 
sig 
sig 
sig 
ns 
sig 
ns 
11s 
sig 
sig 
sig 
Table 9. Woody plant densities (individuals/30 m. sq.) in the Shackleton Burn, Hrrwai'i Volcanoes National 
Park. 
Species and Control Rum 
Height Class 
Native Slwbs 
Dodonaea viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtohl 
Dubautia ciliolata 
4 0  cm 
10-50 cin 
50-100 cm 
> 100 cm 
subtotal 
subtotal 
St&elia tarneianreiao 
4 0  cm 
10-50 cm 
50- 100 CIII 
> 100 cin 
subtotal 
Vacciniunt reticulaturn 
4 0  cm 
10-50 cm 
50- 100 cm 
> 100 cm 
subtotal 
Wikstroenria plyllreifolia 
4 0  cm 
10-50 cm 
50-100 cm 
>I00 cm 
subtotal 
Total 
111 12 
&lvlecm S.E. 
n= 12 
Mean S.E. p<0.05 
11s 
ns 
sig 
ns 
ns 
ns 
ns 
11s 
ns 
ns 
ns 
ns 
ns 
ns 
11s 
11s 
sig 
sig 
11s 
sig 
ns 
sig 
11s 
11s 
sig 
11s 
sig 
ns 
11s 
sig 
11s 
Table 10. Percent cover of plant species (means and Uieir standard errors) in the Kipuka Nene Bum 
(low intensity site), Hawai'i Volcanoes National Pork. 
Native Woody Plants 
Dodonam viscosa 
Sophoru chrysopylla 
Styphelia tamciameiae 
Subtotal 
Native Herbs, Ferns & Sedges 
Cocculus ferrandiunus 
Pteridiimr aquilit~unt 
Subtotal 
Exotic Woody Plants 
Lantana cantara 
Myrica faya 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capillaris 
Desntodiunt sandwicense 
Subtotal 
Exotic Grasses 
Andropogott virginicus 
Melirris nrultiJlora 
Paspalurn urvilliae 
RItyrtchclytrun~ repens 
Schizachyriunr condensaturn 
Subtotal 
Total Native Species 
Total Exotic Species 
n=3 
M a n  S.E. 
n=3 
Mean S.E. 
sig 
11s 
sig 
sig 
11s 
sig 
ns 
11s 
11s 
sig 
sig 
sig 
'I'uble 1 1. Woody plillit drnsities (ilidivid~ulS/30 In. sq.) ill UIO Kipuku New Bun1 (low intensity site), 
Hawai'i Volcanoes National Park. 
Species and Control Bun1 
Height Class n=9 n=9 
Mean S.E. Mean S.E. P 4 . 0 5  
Native Sluubs 
Dodonaca viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtotal 
subtotal 
Total 
Alien Sluubs 
Myrica faya 
<10 cm 
10-50 cm 
50- 100 ctn 
>loo cm 
subtotal 
Psidium guajava 
4 0  cm 
10-50 a n  
50-100 cm 
>lo0 cm 
subtotal 
Total 
ns 
ns 
sig 
ns 
ns 
ns 
ns 
ns 
sig 
sig 
ns 
11s 
11 S 
11s 
ns 
ns 
sig 
Table 12. Percent cover of plant species (means ol~d their standard errors) in the Kipuka Nene Bum 
(high intensity site), Hawai'i Volcanoes National Park. 
Control Bun1 
Native Woody Plants 
Dodonaea viscosu 
Sophom chrysophylla 
Styphelia tameiameiae 
Subtotal 
Native Herbs, Fen~s  & Sedges 
Pteridium aquilinum 
Subtotal 
Exotic Woody Plants 
Chanracristu nictitans 
Lantatra canrara 
Myricu faya 
Psidiunr guajavu 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capillaris 
Kyllirtga brevr~oliu 
Subtotal 
Exotic Grasses 
Andropogon virginicus 
Melinis multijlora 
Rlr~nchelyttum repetrs 
Sclrizac/tyrium condensutunr 
Subtotal 
Total Native Species 
Total Exotic Species 
II=~ I& 
M a n  S.E. M a n  S.E. P<O.OS 
115 
115 
sig 
sig 
ns 
115 
115 
115 
ns 
115 
115 
115 
115 
115 
115 
sig 
115 
115 
115 
115 
115 
Table 13. Woody plant densities (individuals/30 m. sq.) in the Kipuka Nene Burn (high intensity site), 
Hawai'i Volcanoes National Park. 
Species and Control Burn 
Height Class n=12 11=12 
Mean S.E. Mean S.E. P-a.05 
Native Shrubs 
Dodotruea viscosu 
4 0  cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtotal 
Sophoru clrrysophylla 
<10 cm 
10-50 cm 
50-100 cin 
>loo cm 
subtotal 
subtotal 
Total 
Alien Shrubs 
Psidium guujuva 
<10 cm 
10-50 cm 
50- 100 cm 
>loo cm 
subtotal 
ns 
ns 
ns 
ns 
ns 
11s 
ns 
11s 
ns 
ns 
sig 
sig 
sig 
sig 
sig 
11s 
11s 
ns 
11s 
ns 
ns 

Table 15. Woody plant densities (individ~lols/30 m. sq.) in the Uila Bum (sluubland site). Hawai'i 
Volcanoes National Park. 
Species and Control Bum 
Height Class n=12 n=12 
Mean S.E. Mean S.E. P-a.05 
Native Shrubs 
Dodonaea viscosa 
4 0  cm 
10-50 cm 
50- 100 cm 
>loo cm 
11s 
ns 
sig 
11s 
sig 
ns 
sig 
ns 
11s 
sig 
sig 
ns 
sig 
sig 
sig 
subtotal 
Osteonteles antlryllidifolia 
4 0  cm 
10-50 cm 
50- 100 cm 
>loo cm 
subtotal 
Stypkelia tameianreiae 
4 0  cm 
10-50 cm 
50-100 CIII 
>lo0 cm 
subtotal 
Total 
Alien Sluubs 
Mynca Jaya 
<I0 cm 
10-50 CIII 
50-100 cm 
>lo0 cm 
subtotal 
Psidiunr gunjava 
4 0  cm 
10-50 CIII 
50- 100 cm 
>100 cm 
subtotal 
Total 
Table 16. Percent cover of plant species (metus and their standard errors) in the Uila Bum (woodland 
site), Hawai'i Volcol~oes National Park. 
Control Bunled 
n=3 n=3 
Mean S.E. Mean S.E. P<0.05 
Native Woody Plants 
Dodonaea viscosa 4.3 1.2 0.3 0. I sig 
Osteomeles antlyllidflolia 0.8 0.4 1 .O 0.5 11s 
Styphelia tantciamciae 22.8 5.0 2.2 0.  I sig 
Subtotal 28.0 5.4 2.2 0.1 sig 
Native Grasses 
Carex waltuatsis 
Subtotal 0.5 0.4 0.0 0.0 11s 
Exotic Woody Plants 
Myn'ca Jaya 
Subtotal 0.0 0.0 1 .O 0.8 11s 
Exotic Grasses 
Andropogon virghticus 7.0 1.3 12.3 1.6 sig 
Melinis ntulttjloru 2 1.5 1.2 47.2 2.2 sig 
Scltizacltyriunr condensatunr 39.7 8.1 37.0 3.2 ns 
Subtotal 68.2 5.7 96.5 0.8 sig 
Total Native Species 28.5 5.2 2.3 0.1 sig 
Total Exotic Species 68.2 5.7 97.5 0.2 sig 
Tahlc 17. Woody plont densities (individuals/30 111. sq.) in thc IJih Ijuni (woodlwd site), Huwui'i 
Volcruiocs National Pwk. 
Species and 
Height Class 
Native Shrubs 
Dodonaea viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtotal 
Metrosideros polyn~orpha 
<10 cm 
10-50 cm 
50-100 cm 
>loo cm 
subtotal 
subtotal 
Styphelia tanieiameiae 
<10 cm 
10-50 cm 
50- 1 00 Cll l  
> 100 cm 
subtotal 
Total 
Alien Sluubs 
Myrica faya 
<I0 cm 
10-50 cm 
50- 100 cm 
>loo cm 
subtotal 
Total 
Control Bin1 
n=9 lF9 
Mean S.E. Mean S.E. PQ1.05 
ns 
sig 
sig 
sig 
sig 
I1 S 
ns 
ns 
11s 
11s 
11s 
11s 
sig 
ns 
ns 
11s 
11s 
sig 
sig 
sig 
sig 
11s 
11s 
11s 
11s 
11s 
ns 
Table 18. Percent cover of plant species (means and their standard errors) ill the Napau Burn 
(shrubland site), Hawai'i Volcanoes National Park. 
1972 B o n ~  1992 Bum 
Native Woody Plants 
Dodmraea viscosa 
Osteomeles antlyllid~olia 
Styphelia tameianteiae 
Waltheria indica 
Subtotal 
Native Herbs, Ferns & Sedges 
Carex wahuensis 
Cassytha jilijiornlis 
J'ycreus polystachos 
Subtotal 
Exotic Woody Plants 
Cirantaecrista ttictitarts 
hrttana camam 
Psidium cattleiattunr 
Subtotal 
Exotic Herbs, Ferns & Sedges 
Bulbostylis capillaris 
Crassoceplralunt crepoides 
Desmdiunt sandwicetrse 
Nephrolepis nrultijlora 
Pltyntatosorus scolopetrdria 
Spathoglottis plicata 
Stachytarpheta jamaicensis 
Subtotal 
Exotic Grasses 
Artdropogon virginicrrs 
Paspalunr scrobiculatum 
Rhynchelytrum repetts 
Scltizaciyrirrnt cortdettsatunt 
Subtotal 
Total Native Species 
Total Exotic Species 
n=5 
Mean S.E. 
n=5 
Mean S.E. P 4 . 0 5  
sig 
11s 
ns 
sig 
sig 
11s 
11s 
11s 
ns 
11s 
ns 
11s 
11s 
11s 
11s 
11s 
ns 
11s 
11s 
ns 
11s 
sig 
ns 
ns 
ns 
sig 
sig 
sig 
Table 19. Woody plant densities (individuals/20 m. sq.) in the N a p  Bimi (sluublaid site), Hawai'i 
Volcanoes National Pork. 
Species and 1972 Burn 1992 Burn 
Height Class n=40 n=40 
Meon S.E. Mean S.E. P 4 . 0 5  
Native Shrubs 
Dodonaea viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
>lo0 cm 
subtotal 
subtotal 
Total 
Alien Sluubs 
Psidiunl guajavu 
<10 cm 
10-50 cm 
50-1 00 cm 
>lo0 cm 
sig 
sig 
ns 
11s 
sig 
11s 
11s 
11s 
ns 
11s 
sig 
ns 
11s 
ns 
ns 
ns 
Table 20. Subshrub densities (individualsl0.5 m.sq.) in the Napau Burn (shrubland site), Hawai'i 
Volcanoes National Park. 
Species and 1972 Burn 1992 Burn 
Height Class (cm) n=40 n 4 0  
Mean S.E. Mean S.E. 
Native Subshrubs 
Waltheria americana 
>10 cm 0.1 0.1 0.2 0.1 
10-50 cm 0.0 0.0 0.4 0.2 
10-100 cm 0.0 0.0 0.1 0.1 
>I00 cm 0.0 0.0 0.0 0.0 
ns 
sig 
I1S 
I1S 
subtotal 0.1 0.1 0.6 0.3 sig 
Alien Subshrubs 
Chamacristae nictitans 
4 0  cm 0.2 0.1 1.4 0.3 
10-50 cm 0.6 0.2 2.0 0.6 
50-100 cm 0.0 0.0 0.0 0.0 
>lo0 cm 0.0 0.0 0.0 0.0 
sig 
sig 
ns 
ns 
subtotal 0.8 0.2 3.4 0.7 sig 
Table 2 1. Percent cover of plant species (means arid their staidnrd errors) in the Napau (woodland site), 
Hawai' i Volcanoes National Park. 
Native Woody Plants 
Dodonaea viscosa 
Metrosideros polymorpha 
Osetomeles anthyllidifolia 
Sida Jallax 
Styphelia tanieiameiae 
Walthcria indica 
Wikstrocmia plrillymefolia 
Subtotal 
Native Herbs, Ferns & Sedges 
Clarex wuhuerrsis 
Pycreus polystaclros 
Subtotal 
Exotic Woody Plants 
Chanlaecrista nictitans 
Lantana canrara 
Psidium cattleianunr 
Subtotal 
Exotic Herbs, Fenis & Sedges 
Aurundinu granrirri~olia 
Crassocephalum crepoides 
Desnrodiitnr sarrdwicense 
Nephrolepis nrultijlora 
Pass~jlora foeticfu 
Phaius tunkervilleae 
Spathoglottis plicata 
Stachytaryl,etu jumuicensis 
Subtotal 
Exotic Grasses 
Atltiropogon virgirricus 
Puspulrinr cotrdc~rrsr~frrnr 
Puspuli~nr scro6icirlrtim 
Subtotal 
Total Native Species 
Total Exotic Species 
n=5 
Mean S.E. 
n=S 
Mean S.E. P 4 . 0 5  
sig 
11s 
11s 
11s 
ns 
sig 
ns 
sig 
ns 
ns 
11s 
11s 
ns 
11s 
11s 
11s 
sig 
ns 
sig 
11s 
11s 
11s 
sig 
sig 
11s 
11s 
11s 
sig 
sig 
s1g 
Table 22. Woody plnrit densities (individiulsl20 m. sq.) in thc Nopau (woodluid site), Hawai'i 
Volcanoes Notional Pnrk. 
Species and 1972 Bun1 
Height Class 
Native Shnibs 
Dodonaca viscosa 
4 0  cm 
10-50 cm 
50-100 cm 
>loo cm 
subtotal 
Metrosideros yolynro ylra 
<I0 cm 
10-50 CIII 
50- 100 cm 
>loo cm 
subtotal 
Osteomelcs atrtltyllidijolia 
<10 cm 
10-50 CIII 
50-100 CIII 
> 100 Clll 
subtotal 
Sida fallax 
<I0 cm 
10-50 cm 
50-100 cm 
>I00 cm 
subtotal 
subtotal 
subtotal 
Total 
1140 
Mean S.E. 
1992 Rum 
1140 
Mean S.E. P a . 0 5  
sig 
sig 
sig 
sig 
sig 
11s 
11s 
ns 
ns 
11s 
11s 
ns 
ns 
ns 
11s 
11s 
ns 
I1 S 
11s 
11s 
11s 
11s 
11s 
11s 
11s 
11s 
ns 
ns 
11s 
11s 
sig 
Table 23. Subsluub densities (individuals/20 m. sq.) in the Napau Bun1 (woodland site), Hawai'i 
Volcanoes National Park. 
Species and 1972 Bun1 1992 Bun1 
Height Class n 4 0  1140 
Mean S.E. Mean S.E. P a . 0 5  
Native Subshrubs 
Wultlteria indicu 
4 0  cm 0.0 0.0 0.0 0.0 ns 
10-50 cm 0.0 0.0 0.0 0.0 ns 
50- 100 cm 0.0 0.0 0.0 0.0 ns 
>lo0 cm 0.0 0.0 0.0 0.0 11s 
subtotal 0.1 0.1 0.0 0.0 ns 
Alien Subsluubs 
Cltamuecrista nictitans 
4 0  cm 1.4 0.6 0.6 0.3 
10-50 cm 0.7 0.5 0. I 0. I 
50-100 cm 0.6 0.6 0.0 0.0 
>lo0 cm 0.0 0.0 0.0 0.0 
subtotal 2.7 1.7 0.7 0.4 11s 
Table 24. Woody plant mo~tality/recove~y in Ihree bums in the submo~itano seasonal zone. 
Kipuka New Pepeiau Uila Total 
Swcies n %Live n % Live ji % Live n YO Live P 4 . 0 5  
Dodonaea viscosa 
High Intensity 0 0.0 0 0.0 30 3.3 30 3.3 11s 
Low Intensity 199 8.5 0 0.0 97 5.1 296 7.4 
Osteomeles unttrllidijblia 
High Intensity 0 0.0 0 0.0 15 73.3 I5 73.3 ns 
Low Intensity 0 0.0 0 0.0 3 100.0 3 100.0 
Psidium guajuva 
High Intensity 0 0.0 0 0.0 1 100.0 1 100.0 ns 
Low Intensity 0 0.0 0 0.0 44 81.8 44 81.8 
Sophoru chrysophylb 
High Intensity 32 59.4 0 0.0 0 0.0 32 59.4 ns 
Low Intensity 0 0.0 0 0.0 4 100.0 4 100.0 
Stypheliu tan~eianroiue 
High Intensity 8 12.5 94 31.9 92 8.7 194 20.1 sig 
Low Intensity 54 46.3 100 75.0 20 5.0 174 58.0 
Table 25. Biotnass of d a d  and live grasses in Lucky Eddie, Uila ,and Narnakani Paio Bums 
Hawai'i Volcanoes Notional Park. 
Conlrol (g) B i m ~  (n') 
Lucky Eddie Bum 53.9 +_ 6.5 90.2 5 7 . 7  
Uila High Intensity Biml 55.2 + 6.5 143.3 510.3 
Namakani Paio Low Intensity Bum 55.1 +_ 5.7 137.8 5 7.5 
P4.05 
sig 
sig 
sig 
Table 26. 'Ohi'a mortalitylrecovery 111 tlie Oila Buni, Hawai'i Volcnnoes Notional Park. 
High vs Low Intensitv Bum 1990 
low intensity 
high inttmity 
Low Intensity Burn 1990 
sterns = 1 
stems > 1 
% Char hgt <= 33 
% Char hgt > 33 
% Scorch <= 75 
% Scorch > 75 
% Scorch < 100 
% Scorch = 100 
dbh <=5 
% Scorch <= 75 
% Scorch > 75 
dbh <=5 
% Scorch < 100 
% Scorch = 100 
dbh> 5 
% Scorcli <= 75 
% Scorcl1> 75 
dbh > 5 
% Scorch < 100 
% Scorch = 100 
dbll <= 10 
dbh> 10 
dbh <=I0 
% Scorch <= 75 
% Scorch > 75 
dbh <= 10 
% Scorch <I 00 
% Scorch > 100 
dbh> 10 
% Scorch <= 75 
% Scorch > 75 
dbh > 10 
% Scorch < 100 
% Scorch = 100 
sig 
ns 
11s 
11s 
11s 
11s 
na 
11 a 
sig 
11s 
11s 
sig 
11s 
Table 26. 'Ohia mortality in the Uila Bum (continued). 
Hi& Intensitv Bum 1990* 
stems = 1 60 25 3 5 
stems > 1 31 20 1 1  
dbh <= 5 
dbh > 5 
dbh <= 10 
dbh > 10 
sig 
*Percentage scorch not determined. 
Table 27 'Ohi'a mortillitylrecovery in the Nupau Bum, Hawai'i Volcanoes National Park. 
dead - P4.05 
Total number of individuals 
stems = 1 
stems > 1 
% Char hgt <= 33 
% Char hgt > 33 
% Scorch <= 75 
% Scorch > 75 
% Scorch < 100 
% Scorch = 100 
dbll <= 5 
dbll > 5 
dbh <=5 
% Scorch <= 75 
% Scorch > 75 
dbh <=5 
% Scorch <1 00 
% Scorch > 100 
dbll> 5 
% Scorch <= 75 
% Scorch> 75 
dbll> 5 
% Scorch < 100 
% Scorch = 100 
dbll <= 10 
dbh> 10 
dbll <= 10 
% scorc11 <= 75 
% Scorc11> 75 
dbll <= 10 
% Scorch < 100 
% Scorch > 100 
dbh > 10 
% Scorch <= 75 
% scorc11> 75 
dbh> 10 
% Scorch < 100 
% Scorch = 100 
11s 
11s 
sig 
sig 
sig 
11s 
11s 
sig 
sig 
11s 
sig 
sig 
sig 
sig 
Table 28. 'Ohi'a mortality/recovery in the Nornakoni Paio Burn, Howai'i Volcu~oes National Park. 
Low lnter~sitv Bum 
dbh <= 5 
dbh > 5 
dbh <= 10 
dbh > 10 
dbll <= 5 
dbll > 5 
dbll <= 10 
dbh> 10 
ns 
sig 
115 
sig 
Table 29. 'Ohi'a tnortalitylrecovery in Kipuka Nene, Pepeiau, and Lucky Eddie Burns, Hawai'i Volcanoes 
National Park. 
II= live - dead P<0.05 
Kipaka Nene High htensitv Bin1 
% Char hgt <= 33 7 0 7 na 
% Char hgt > 33 2 1 0 2 1 
% Scorch < loo* 
% Scorch = 100 
Pepeiau Bum 
dbh <= 5 
dbll > 5 
dbll <= 10 
dbh> 10 
% Char hgt <= 33 16 10 6 
% Char hgt > 33 4 1 3 
% Scorch < loo* 
% Scorch = 100 
Luckv Eddie Bum 
dbh <= 5 
dbh > 5 
dbh <= 10 
dbh> 10 
*Percentage of canopy scorched was not detrnnined only as 100% or <I00 %. 
Table 30. 'Ohi'a mortality/recovery over time in, Lucky Eddie, Uila and Napau Bums, Hawai'i 
Volcanoes National Park. 
n= - lj& new prowth d& % live 
J,uckv Eddie I3un1 
12/85 18 12 7 6 67 
7/86 18 8 7 10 44 
1/87 18 3 3 I5 17 
1/88 18 4 4 14 22 
Uila Low htensitv Bum 
1 1/87 79 59 
4/89 77 63 
1 190 77 63 
Napnu Forest Bum 
4/93 
10193 
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Figure 3. Percent cover of resprouting grasses and seedlings in the Pepeiau Bum. Plot A is located in 
a site dominated by molasses grass. Plots B, C and D, located in a beardgrass-broomsedge 
dominated site, equal Plot A in size. Values from Plots B, C and D were pooled. Percent 
cover 3a) of resprouts in Plot A; 3b) resprouts in Plots B, C and D; 3c) of seedlings in Plot A; 
3d) of seedlings in Plots B, C and D. 
V 
11188 1/89 8/88 1 0189 7/90 
Date 
O Broomsedge Cl Molasses grass W Redtop Beardgrass 
Figure 4. Density of resprouting grasses and seedlings in the Pepeiau Bum. Density is based on number 
of individuald54 sq. m. Density of 4a) resprouts in Plot A; 4b) resprouts in plots B, C and D; 
4c) seedlings in Plot a; 4d) seedlings in B, C and D. 
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Figure 5. Number of faya tree in four diameter classes 1 year after fire in an 'ohi'a woodland. 
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Figure 6. Number of faya tree in four diameter classes 2 years after fire in an 'ohi'a shrubland. 
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Figure 7. Number of faya tree in four diameter classes 6 years after fire in an 'ohi'a woodland. 
Faya tree was sampled in 16, 30 x 30 m plots. 
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Figure 8. Number of faya tree in four diameter classes 6 years after fire in an 'ohi'a shrubland 
Faya tree was sampled in 17, 30 x 30 m plots. 
